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« I a « * t& w I- *J *^ 5 1/ - if t: - i y y > ^ 
jao 7 >^ !y r-r -< ^ a 3 > - ^ (£4Tcpu2oi 

h^PAS'-PAT. PBO — PB7, PC3(tA*iJ5- 
PAO, PA2. PC0-PC2, PC4-'PC7, 
PDO-PDT. PFO-PF? Uai^ 4? - h -C* -Sc 202 
\t if^ X h^VtfJ.-^ 2I3**^»<JrifI-^^S It 
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-tr-*g*^ T®«^je^r^ EP * - h y 'V 2 07 
ttCPU20rj;f)£ttt-^«tt© 4* « «:t r h 5 

9 K-5>rr@»'C*5<. 208 (1201 tRlS^ROM 

208t*!f^) -C**?. CPU20l^^Oftqa®^* 

Wf*o 209 »iCPU201;6<v^iDiJtr)^y*-i^lK 

5 45 a :/ y ^ - ^ K 0 » . 2 1 0 II C P U 2 0 6 »i 
®l/-1f-ffiftS^i:2 12coy">ri/W'3&»^© 

C P U 2 0 8 u - it Jl <b 7 ^ - K ^ * ^ i 
P-1f-aB, 2lM4miOBI«>5tT7T</<-1009 

-csi^yiift^y - hT 2i2i::A:^-?-*tf-A 

X-fx^' hSa-CfcSo 2l2{iCP0208*^^ia^ 

tl fz HA ia««i3v hD--5 202**^<?>EBism 
-rm-f^ppRoy cjy r pprdy «^ t^r) €^ m 

:^-r«o COPPRDYm^«S8*Cfiff««l01 
'<t>+24VA, +24VBi»icr-5.VlOto^*ieir 
S-9REM0TE (E/tTREMOTEffl-^tftir) t 
bTm:^*^^^ ft£E«a5lOitiC<!>REMOTE 

P P R D Y <g ^ «- a:^U3tCPU201 aj3cC*-3r 
K(W(i'^DRMD^'CPU208^— S^imm:^ 

't<0IBicpu20fl t±/<>i/xt-5'.©i!raW'^*ti3:^ 

tt^-^Tfta/^A';;^*-^ Ml *lEf)S5Bl5*-tt-Sp 
CtlWEP;!?-> »; •y ':^ 206F^*0flS3feK7A 1008 

<r> tigkm^rh<r> t (Oil 5 < -r^^ 

db^fr, CPU201t* Ui^;thVP>-fK 
ffiB&ffl'S^RECD^to:t7r5wi:C:<feO> »4BC 

^$n*^5'yf-405*ottaf^ -t-y/offiBtrT 
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E£mr - h T u T * * « jsi. m I a iw ^ i^r 

y-hTl/'<212(lBfao±212a, 2l2b(!:Sg* 

J82aaflt«ffiasii:ry v v ho-^©ffitt 

36 I a . » 2 H 4C 4i t ^ r S W 1 8 1 <!) It « X -f *V 

^xn^t. I 0 1 r + 6 V 3^ til 

cOn>hP-5±<iOCPU20l l^®-^ 
RESET Ce^T RESET «^ i«f:*r) t ttl :^ * o 
RESETS^ 1; J: CPU2 0.M±i|S(iai€-MifeL> 

*»«-e>-t^ PS20I <ofi:aai-c»:ai-c€^nii. 

CPU20lt4ta('^C3aES«3&<db*Ci^|ftJOU. * 

^'(r&^rSo t-:?!B!ft«^DRMDi4)f; 
a^m^PEXPtot^aFtisfciiiv ^-^tots^jws 
204 iffift$n^o <a u . c <D ^ - 13J jw 0 e rc 

*J t^r tt .-J? y =/ V - M 3 3CK A± -C t - t** - 

ai * s n v> a6 s t* - A ^ 3£ ffl -fe ^ -r fcf " 
m fi ff ti t> o 

CPU20M4EP 

:^r- h y 206 rt<o h T^-aft^-ttfli^fT? o * 
h2os*<cpu2oi*^6.^ft>'<'r 

1E^f9fff?att©^HVTON (etTHVTON^f^i: 

^ f ) * § <t ^ m « -TTx^niSis/'jy^rrtii 
o^M-r^o />-^y'yi^206f^^c^IE^^^;^ 
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fz ^:^-fi^ft«lfiF-b>-9'220;&t^:^ - S ft * fil 
TSENStbTCPU201O7:#-arA^)«f-" 

A ^ * n 6 c 

CPU201 flD$gi5irD fT ^ SflECtte-^* 

*^ ^. * fT 9 i 7 W a r -5 o * ^ 

^Si^TJ^'S.-iJcSSffP. S (» -f -T X 

CPU2ai i^iS^iODBAC « * S »r 4 t PI ^ »Z 
tiT-re* h:^-aft 593 fg ^ T S E N S M^it K. 

5 2..ioo8©aejgwcrt fcasfti-sfcto. cpu2oi 
«ttM®-c>:£ithtf*'> v^'^ * <o i ^ t L ^ ?i 

KtWSk K ^t\^ t . CPU2 0l*i*qWrr4«Tff^ 

iiSllic*?i^r:/'j >^4oi <o±ffi KT 1101 Jw St 

f*J CD V ^ DX<7f^SW100*<±® KT I 101 (0 
8B&tIqlB^C;r>rtttOx 24VB4>-i:tft-^(g 
Sftc024VQ(2gE^Sl|^r&« CPU201|1@24VB 
^ U DC24 V (mT OC24 V if* 
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^ ti u X •T' -f z ^ \ T& ti ^ XT^-zT/soir-r 
-c*:LED2O0izi0 h^-ail^£»^*</i:$*i 

7^'yr3oiTNo^i^tfxf^'yr302-c h^-a 
m,^Ji¥i'& 'm<o i7 o > 9 \ ^ ^ V h -t h atirx 

T-vr303. XT--vy304-Ch^-afflf»^B^ 
cO^Pi^filffl/^CF > ^ 2 /< V^T^^yr^^o ft 

x7^-yr306-ch:^--aatt^m^TSENs 
sa*-tr-ruT*ie> X7^'yy308 »c-c^'>>^ 

2*/?0>hT'yrb> X-r'yy305 ICt»a5-&o X 
f''y"r305TNBRii^-Ct"»ntfX7^'y:/309'-C 

oxn^ffltiteu. xy-yraioTh^-aanF 

9 \ ^ i} ^ > V T y -r-r ^ ^ h:^-a«T£-c>xit 
nwxxvy302 icfei;o. ^afh^-«ftttfti 
«-ff5o xx'vr3ii-c^'>>hr'yyi//:>>'> 
>^^i**a<*M®i<coA:^^ xf^*y:r3i3T 

<C-»/::Ci*«^aL,, JiffiKTIl01;&iB8«*n 
fcitltt-T'So ;5?-h';'Vi^206JtAnttX.5it 
tt c a ± ffi K T I 10 1 M a L ft n 

CPU201«±«B KT IIOI ©Mfit^fc-^T 
/r - h 'J-yy206Antt;t)&<J7*>n'5Ci*^iIll 
±SKTIl01<!>Mffl£CJ:*3aa-rS& 
fr-ff^ltmr. CPU20I (±yy >^40l ©SJ^tt-^ 

WaS-t^OiaT, CORJ, LED20G|C«*:4 Y -f- 
R IB T E © a mt>M-tr-yhsn. ±ffl KTllOl;!^ 

±® KT1101A<f?)U<e»n&S|. ±91 K 7 llOl 
ICOt^-Cl>SU/<-]103|Cj:0fiffBieil0ll*J 
O^<^uX^''7^SWl00*<}^**l^ -rT<- 
CPU201 REM0TE{i^'tS*tTi*'51£E 

is^io]]^^. 24VA<m^$n**>i^y;;3»<^ ^ ^ 

^ C7X^-7f^SWl00flr>;f>'/:r7(CJt4f'r 
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L^CPU 20M1DC24V«-^ *< >v -f U A' IC <C 
i& i: If 4 o 

» y D r -5 A y -t *y h ^ P P R D Y e ^ (1 ± ffi K 

r 1 1 0 1 M tt * nx ivT w «^ 5 o ± t> X 3 

Uf=^CPRDY«^ (U(TCPRDYe^ti«S-#-) 

iB » -r « o 

(1) Epy? - ^ tj*y ':^ 206i^-b'y h*nxt^4« 

(2> 3>ho-^'<'7-Vf^-fCPRDY«^**H 

C 3 ) - '< - ^ 5ft a L/ X I* /X . 
(4) VsfV^-^Ma^ t'-A'?'i'x 

hg'^BD<D*S[W4^6tMli:^:^y:^h » fife t 

X (r> o 

(6> i-fc'yh 408 ;6<^a*nX*f*)^ 'I'lrlftA^ 

-e-yh^iixt^icto 

EPA - h »J^yi? 2 06OW*5(i^ "i^'J V^^rti^> 
^^_':><i!>S90ffiCPU2O8:&<EPA-f 'J*yi^ 
2 0 6, © K5AfiJK-tv;^ffl©=i^ ll02*<V-r^' 
PX'fV^SW2lO, SW211*;r>T4wiir 
Wttb. *>L.. a h ^) y 2 06 fi V (D t 
^ it cpuzoitcwu^EPA-hV-yv^rcuffl^ 
-NocRT (iaTNocRT(a^ift;"r) ti<mi)^ii 
* ^ N o c R T e ^ ft X * n li . e p a - h <; -y y 



15Bn^ 63-210958 <4) 

w«0^. 3>'ba-^ 202 3Ci<ftHSnXt*tlldr:^ 

V >^40l lis y hti — 5 202«);iT- — ^XS* 

5 >rTv:/4i(i^aS4i3©^«t-^^ HI O 
flMA^lT t>tt > *5« p - 7 4iiii7;^>/<^iaflC 
T, *XJftii-^nSo CPU20l;ft^i^)£«b-;?'|g 

li h ^ < 7 :r Tr t *ffiftLS«t-^Hl 

■^soz'^^igi-. •yjL-fh4>;^7^-^:^ u « i» at n , 

5 • y > ^ 4 0 I 3 V h d - 5 2 o 2 5, o ^ 
«^ * - K t& * 3 T y K C J: 0 * * V h » « * 4 
(i^ttb^ffitff9-t;ft<xs«o l&ai* - Kit 
s =1 *7 > ^► nia:*^ « A . > ^ 11 
-ir *y h ft « - K i: > ^ • 7^ -fe -y > »& « * - K 
IX <o ¥^ an* t t o tz^ r *) > h^fifc<^' 

D>hO-5/<7-U7''<®-9CPRDY|4^ 3 

V 202<J:OX:^$n«e^X*0^ =av 
202**3f&±->Xl*5tt«*:ttjaiX#S 

(tt-0«^XJ6«6 

jiaeo). (4)t*>.3E«s4fc»K( ^ i± s y 

>?40i A<St±-»x*>^»^tt< i: *> 1 Bit y 

:H y :/ > t - ^» I» li »Jt y =f V * - ^ 5B ft ^ 
SCNON3^»lcrx-9Xafi^€»— S^IHIfi3iBLrt)..'i? 

y :r V * - ^ M 3 3&*« a ®i£t^x^-f. ^Jyi^v*- 

^ «KW©»209 3&»^o>py:^>*-^'U'x-r© 
^ SCNRDY (iaTSCNRpY^B^5■i:fll^) *<fU 
ir/j:€»nc*»oyt«^^ ^-simiscnrdys^^^ 
-s.«t«->xs>^^. — ^i$rpittx*oy::»a^x 

AS« ^:;t:/y>bW*y:^>*-^M3*<ai£r 
*c:iicJ;->XI^<&n5 BDm^Ul4«d<^0. 
CPU201 CBD«^IC»l5r;^d&5Ci:«35^r(I^ 
BDERR (JJlTBDERR<S'^ift;-r): HJO<A:^$ 

nfcia^K:ti»r*n. d«s»tc. bderr©-^*^ — 
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tOSffi T« ©ff ^ FSRTH (KTFSRTHS^t 

^-^VflT^ FSERERQ^CeiTFSEREHffl^ 
:^>"r«ifltfS8Sa»i:W»rL^ FSERERffl 

5„ i^i'i.ttasjiai^-r 6 y r a ^ 

o x>f 'Vf- SW201— sw203<o 1*-^ *^36^^• ;r > 

V h^fiEttfii:nc5o J:«0/=/r4r'y Steffi 
*-KCfcl^-5:/'J>^WI63&friD (I) (4) 

Tfct>, ^eUDCtt407A<"t-yhSnTi^*C 

t r ^ & • 

±icfei^ltu/f>f K 406 iri9ortt407^>&ia 

0- 5 402ar»A5sn'^itntft£e><£ir^ytto^ t& 
/»-fev h408ttU"cii^ftUfflia«r-ir*'y hrsnc 

1- ^^-Jttttjftttt^Tt^So -eo;^. CPU20M4^ 

4rffi*-i?v n^-rx«^j9l^S^psIZEl-pslzE3 

•feVlf PS203©fi^ MPFSCiyT MPFSO^i 

^(^«. 3>ho-9r';>K=jtte^ROY. » 
4 tMi y y > h «r tfeT <£ It n o X 7^ - A «^ 



TIBaaa 63-210958 (5) 
4ciirJ:0, cpuaoiirPsrzEi — psizEs 

r>TCta>^H/I*/Ci6. v-f? a7.-f-V f-SW201 
fi£»^^ K 408riOtt®Wjai*m-er>-tPS202 

JSiiX*?^ yij>^40lA^^»3>'hD-5202 <C 

^x5?2|i]^JbtitfyV V^' 401 hO--7 20 2 

fci$yy >^4oiii2fe©<<-y(oy»;>'h*i«.f± 

^SLa&tt^-KittO* & O -^fe ft «- j« U 

r I 4 0 I T « M ffi * - K tc M < , t,r^tkf3 
-try ^c!>W»*|&ffi^^r•y ^1^-fX«^PSrzEl 
-3lcJ;or«»fL. Ifett/j-fe-y h*iO'X^»(XX7^ 
V r l402Tx l&a* - Kj&<¥2U* - KT*5 
j^Sd-^MBS-Ti - ^ftH&fiE*-Ktt^JfX7^ 
'yri403T#SUfittfil«^T*4MPFS{I^ 

(Xx7^'y":fi404icr3>hD-9202^3Sfflr* 
n«x7^-^x<Dtt/it/fcr*y h^-';*'^ h i^. K 
/i urfe^vUXT^^yT^ i408-cxr'-^'x<©fl£a. 
Ubr*y h^-t'V h-r«o x-r'y:/i406 (zT(ifco 

Anixxf^vri406TU'r-fft^t;t>icu* r 

y :^ hsjfig-cttitn<lx-r 7:/'i 4 09TUf^<^ 
^*^3r7ir-r4o /;t-yh»iE*-K^£^ilfx? 
*y'ri407 T/r.-te'y hrttofitw^^t-t^-t-y 
tt50ffl^PEMPfll<fCi:-,r«»rf4o *coa<0 

Ufl^O, CPU20I COT^cr/A^sl? - K RDYINH 
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^ 9) . ±«lyfc:^»J V h^lte^#<0? EPA- 
h 'V 2 0 6 O W SR ^ -r ^< -i?1rA<DW*R* «t5 

> h ft * M 46 U <c o * s r > h ^ lie ^ 
^ iO 7. T - ^ t!C tf< U t ti fz m . tt«DU^5 
V hS^PRNT tb Lfc«^ V CPU 20 1 

2SC(CCPU201 tt^y ho-'9202ICttb. CPUO 

5 202A^6BB«llJ»^^*«3fr<i:iOJttfilifiRfl8^S 
^^VSYNC («TVSYNC«^5tl*-r> ^igUT 
<^or>-C, 'tC!>ai|CPU201tl»^«iattt'5<» 

t> © ic y >; > k m «r ft t <c n > c p u 2 o i 
iis:^7 r * ft r y > Md fip<o c A 6 « =i > 

ho - 5 202^?»ISaR»!ffl#VSYNC*«a^n 
T C « tv CPU201 (iVSYNC5r>m^<Dffa«* 

uy-r KSL202*ffitt^4:Mc^ ui^xhvuy 

Y KSL202 Citt. «16«^RECD<a^*»C 
T ^ o ^izvSYl^cm^txri^mtr'^^tVtiZs 
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Tfww^s-^pEXP^Ufcrso -t<o»^ — i^ffiffi 
$ li -t - w «i in ^» t , a M a V u y /f k 

SL20 1 Jfeffil»-r^< ^iffilB»flB^CPUD {P:iT 
CPUDS^tjPK^^^IItl-SoCPUDIS^COA 
fll|iajicro»4i»^flttc?)|$ttP--74023fr<l@i£-r4 
8* lai t c J: 0 ffi A< . » a y / < K S L 2 0 1 A< S 

CPU20I tiCPUD(i^*3l">l^fc»- 'J*y ^> 

(pjir^pcsrm^tfffT) t^mr^-r^o cpu208 

ri APCST0^*SltTU-if-«KS&SK 2 10 

c -r i . 

$ epirs(i3ts:^rP?<0BS«v;^^e^TOPERSvt 
vsmomnomatr^^ i>»iz.!i"7 izV. itt 

oSsefe^x^^m^TOPERS^O^jfyoJ^BBfrt, 3 
y h a--5 202*>^BftfS9VDQ*<A:^»$nr 

fSN^i£iwi5ii*n^tef«-t>'i^ps2oi icfiiar 

Lfc]fr<-»-CCPU201l±VSYNCm'^0NOtSII 

»*^|&p^rat8 »^cfittt*v■^^PS^ol 

PDP i^T POP tmt) i&<mr/ir>t:v^ic 

mt&r ^ ^ fcLVSYNCi5^3t>0(W»*^^»^|BJ 

toa(cPDpm^3**ft"C4ititfag>'-t'/..i:«Kr 

3 V l^.o - 5 111 1^0. VSYNC 

hpffiSttasT^nif. 25i:<DPRNT«^gttf^itBr 
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Sftfi^atbtt, c © X ^ - ^ :^ g^R ^fr t» PRNT 
©^^«i:UTfcJ:l'» CPU201 liVSYNCffl^ 

ai-tr:/ir PS20I ^5Iiab4J;tTt^4U-r<£^0"C. 

CPU201 i±y s It ti c m ^ ^ ><o t& $^ if^ ^ ^ fsi t f 

-tr>1>-PS20l«^iaauyiwi:tWBrSo 

cot* pope^*<»T*n(fcpu2oi 
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1206TI&a£ll^ri:x^ - h*n/:^-<"7 — T, Igfii 
D--5402«<@eUTt^*^B3tc*>iOvh 0. 

•eo»7 'jT$nSo Xf"y:ri2iOTi&«t^'f 

ttn--? 402A<«HhUft^micttlcx-r'7:^12ll 

©U%'yhs»^S5R<0Xh'yrv v?rAXr-^ 
X o -fe h /i if * It 9 • 

•t-y h 408rtOtt-b>1fPS 202-CiaaL/ittr, 

ftO. ^s^.^llv-f^'DX-r•y^sw20l — SW203 
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ii3.&4i*S. C©^*,CPU201tt»ttVUy 
KIS8aS^CPUDt:4->-rit^8$IC^fiED- 

5 402— sea^ratc^Biffliy. cpuo e >* 

^f-j^i'/sXf^-^xo-b'y htPJflliT^So <k 

5402 il -fit lCiEjeO0IE&GttrfcA^nrc^5C*l: 
iZtL h ^ 

■r 7 D - f- - V V h i ^ 

X -f- 'y J 2 0 1 II 4j t> r y > h ^ w -7 " A< 
> <c e» I* ^ c y U > h - y > X A o -c 

SO-CX-r*yyi20S^»ff-^io Xr^'y:/120l 
U V ^ ^ ~ t^itV fl ipXi 7s V-^ \2Q2 ^ 

ae^.X7^-y:^i20 2\ i203rpRNT©^Aiji 
•Cx ir^r>f n >hHjfl6ttfa-cd&n(lxx-yri204 

(CJ:0/^'ef'yh/xL<tfir>fcOUT<>. 
hn-7202lw«U-Cll^li6ttiCF)H«^eWO/£ 

*y ^ 408flt>fl». ASiWittA-t-y htfofiofr 

« tl -tr > X U o * IBIt.-tr*^^»»*rai» 
$TI±«<f L**l^llfit*-«r'yV/X L-ttt^O 

St, »(CRDYm9€:«t-r4« :^ HBjtiHS 

a i: e -t -y ► «r L ; * 4 li ^ L ffl « <£ u t 

Haic@«JKec«*c«>)t'y h4083^tt6^tt. fife 
<ofi^1^-^xc^)tt^^r•y^*<«asn^i«^fevsYNc 

izj^UT^rofi5-y--<x«'»»r'<<ttif-rxx^- 
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X « » -r 5 o 

hl&f^lcA**<. :/ i; > ^ «) teat » . -d- . 

Ift IC }f 7 o ItRUafiEffi^fr©^^ HVTON.DBDC, 
HV10N^itlC^5^>f i > ^X><I^T L/fctt. CPUD 

4 c - «C B 1st » ti a 1!t ^0 -t K ♦& e - K ra. 
as t 5 . 35 - O - ;^ tl ffl a ^-t^y hia«t*- 

-5;sncfii^j£S6ofc^r**c c©^, CPU201 

-C Ji r;v< - if\rU :^ ^? j h ^ ft Av s ^ ^ U Jfi T y 
i^hS^PRNT-tSi^fc^TASo lii±<03^r- 



IfBaaa 63-210958 (8) 

y © r 'j V f fib fiP ir ^ 5 . 
^ -t? h A< * t) . $i « ^ ilfe o « <c ^ t> m tt -c 

M ta^ftfe*?)!?© 5 C i *<T* *o wtOia. 

if A./; -tr -y h IS ffi. * S 14^^ L/te fit* - 
K © 111 ^ V O r - X T C P U 20 t U iJC © - © 
•/ y > h Iw BS( U flfc'v P/-fKIB«(i^CPUD: 

^ra^afl:©;^-ir*yH&«ti^©i^jffltoi:Ot>. d 
i5it«*<Siasjfc^feittc»jtt*'ti'*fcA©i$M-e^ 

i II ^ _ _ y ^ A ^ ^ ffijf ^ :f ^ _ ^ 

«±ffiKr 1101 *Mi^T*}sar***^ w©i§. jb 

®K7M0l-frM*^5wi(Cj:0. CPU201©«(1 

^CPRDY*i — S^fSittCttofc«^^. 
D-^yo^i^ijrrUTCPUSOloaiflWro^r^ 

A ;6< — y -b V h -r « • u u s ± a K r 1 1 0 I 
ni^c»nA:B9-r-ci:yy v^cjtasttWftat^ 

h © «fe tUttP»^iir©fi^/Itt»^r<5fi^bTt*f: 
^ © St » ^ - K *lt^ t ^ o *fcCPRDye^)!r< 

A 14 y -t *y h -r 4 c: i < - V © * - k 
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ir<mtSL ^ ixx ^ t ^ ^ ox ^ ti c> ^ -T K/ zf 
9 0 2 -cSc » 56 ^ U T 4 36^ * 1^ fflf t* ^ o 

K7;^-r>B^Jo^w»tfT^^>^3c <o $5 a (c ^ s o 
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SPECIFICATION 

1. Title of the Invention: RECORDING APPARATUS 

2 . Claim 

A recording - apparatus comprising: 

detecting means for, detecting the presence or absence 
of a consumable material; and 

means for transmitting a signal indicating that 
printing is impossible after the completion of recording a 
page which is being subjected to recording when the 
detecting means detects the absence of the consumable 
material during the recording operation. 

3. Detailed Description of the Invention 
[Industrial Technical Field] 

The present invention relates to a recording apparatus 
having a function for detecting the presence or absence of a 
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consumable material. 
[Related Art] 

Hitherto, .when this kind of recording apparatus runs 
out of paper during recording, a print ready signal 
immediately becomes false, the print ready signal being 
transmitted to a host computer through an interface line. 

Disadvantageously, the following trouble occurs: An 
image-signal formation controller interrupts image signal 
formation . during the recording, so that a page printed is 
left blank. ^ 

The present invention is made in consideration of the 
above disadvantage . An object of the present invention is 
to provide a- recording apparatus capable of continuing the 
recording operation to realize stable recording when 
detecting that a consumable material such as paper or toner 
has run out during recording. 

[Embodiment] ' . 

An embodiment of the present invention will now be 
described in detail hereinbelow with reference to the 
drawings . . 

Fi'g. 1 is a control circuit diagram of a laser beam 
printer according to the present embodiment. Referring to 
Fig. 1, reference numeral 201 denotes a one-chip 
microcomputer (hereinbelow, referred to as a CPU 201) built 
in a ROM; ANO to AN7 denote analog input ports; PAS to PA7, 
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PBO to PB7, and PG3 denote input ports; and PAO, PA2, PCO to 
PC2, PC4 to PC7, PDO to PD7, and PFO to PF7 denote output 
ports. A controller 202 controls the printer to form an 
image in response to a signal generated from a host computer 
213. A pre-exposure lamp 204 uniformly eliminates potential 
on a photoconductor drum 1008. ^A high-voltage, unit 205 
generates a high-voltage in response to a high-voltage drive 
signal generated from the CPU 201. An EP cartridge 206 
containing toner is irradiated with a laser beam generated 
•from a semiconductor laser LS201 to form an image. A 
f ixing-heater drive circuit 207 turns the gate of a triac 
Tri on or off in response to a f ixing-heater drive signal . 
generated from the CPU -201. A one-chip microcomputer 208 
(hereinbelow, referred to - as a CPU 208.) is built in the ROM 
and is similar to that 201. The CPU 208 controls the amount 
of laser beam and pulse-motor (Ml) driving in response to 
control signals generated from the CPU 201. A polygon-motor 
drive circuit 209 rotates a polygon motor M3 at a constant 
speed in response to a polygon-motor drive signal supplied 
from the CPU 201. A laser circuit 210 emits and receives a 
laser beam in response to a laser drive signal generated 
from the CPU 208 and a laser control signal supplied from a 
gate array 212 to feed back the amount of laser beam to the 
CPU 208. A beam detection circuit 211 supplies light, which 
passes through an optical fiber 1009 in Fig. 10, to the gate 
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array 212. The gate array 212 controls the turn-on/off of 
the laser in response to an image signal supplied from the 
controller 202 in image formation on the basis of image 
width information transmitted from the CPU 2 08 and the image 
signal and monitors the polygon motor and a beam detection 
signal in response to the beam detection signal and a signal 
generated from the polygon-motor drive circuit. For the 
gate array 212/ gate arrays 212a and 212b are separately 
shown in Fig. 1. In actuality, these arrays comprise the 
same chip. A portion surrounded by a dashed line in Fig. 1. 
corresponds to a control unit (print controller) excluding 
sensors and drive systems. 

Fig. 2 is a diagram showing the connection between a 
low- voltage source and a print controller. 

Referring to Figs. 1 and 2, when a power switch SW181 
is turned on, a low-voltage source" 101 outputs a voltage of 
+5V and simultaneously generates a reset signal RESET 
(hereinbelow, referred to as a RESET signal) to the CPU 201 
on a printer controller 102. In response to the RESET 
signal, the CPU 201 starts control. After the completion of 
initialization .of respective . units of the printer, the CPU 
2 01 outputs a printer-power ready signal PPRDY (hereinbelow, 
referred to as a PPRDY signal) in order to notify an 
external unit such as the controller 202 that the printer is 
turned on. Simultaneously, this PPRDY signal is also output 
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as an output control signal REMOTE (hereinbelow, referred to 
as a REMOTE signal) for voltages of +24VA, +24VB/ and -5V to 
the low-voltage source 101, When the REMOTE signal becomes 
true, the low-voltage source 101 generates voltages of +24V 
and -5V. 

The CPU 201 generates the PPRDY signal and then 
generates a motor drive signal DRMD to the CPU 208 for- a 
predetermined period. During the predetermined period, the 
CPU 208 outputs an exciting signal for the pulse motor. In 
response to this signal, the low-voltage source 101 
initially rotates the pulse motor Ml serving as' a drive 
motor of a paper transfer system. The reason is that the 
engagement between a gear of the photoconductor drum 1008 in 
the EP cartridge 206 and a gear of the paper transfer system 
is smoothly achieved. At this time, the CPU 201 outputs a 
resist-solenoid drive signal REGD to engage a clutch 405 
shown in Fig'. 4, thus rotating resist rollers 4 04 by means 
of driving of the motor. If a sheet of paper remains in a 
paper transfer unit and the paper can be transferred to the 
position of a paper ejection sensor PS201 by initially 
rotating the motor, the CPU 201 detects that the paper is 
remaining in the printer. Consequently, the CPU 201 allows 
the remaining paper to be automatically ejected or 
recognizes the remaining paper as paper jamming and then 
displays the presence o% the remaining paper in the printer 
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to inform the operator of the paper jamming. The motor 
drive signal DRMD is also used as a polygon-motor drive 
signal SCNON and a pre-exposure-lamp drive signal PEXP. 
Accordingly, the polygon motor M3 and the pre-exposure lamp 
204 are also driven simultaneously with the initial rotation 
of the motor. In the initial motor rotation, though the 
polygon motor M3 starts, a laser beam is not generated. 
Therefore, a beam detection signal BD (hereinbeiow, 'referred 
to as a BD signal) indicative of a beam scan position is not 
monitored. 

After the completion of the initial motor rotation, the 
CPU 201 detects the amount of toner remaining in the EP 
cartridge 206. First, thei' high-voltage unit 205 receives a 
developing-bias AC .drive signal DBAC (hereinbeiow, referred 
to as DBAC) and a high-voltage transfer drive signal HVTON 
(hereinbeiow, referred to as an HVTON signal) from the CPU - 
2 01 and then supplies a developing bias into a developing 
cylinder. At this time, a toner level sensor 220, disposed 
in the cartridge 206,, detects the amount of toner remaining. 
The toner level sensor 220 inputs a toner sense signal TSENS 
indicative of this amount to the analog input port' of the 
CPU 201 through the high-voltage unit 205. 

According to. a- control program of the CPU 201, the 
amount of toner remaining is not detected simultaneously 
with the output of the high-voltage drive signal. After a 
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high-voltage output is stabilized for a predetermined period, 
the detectipn is performed. ' The amount of toner remaining 
is also detected during printing. In response to a print 
signal PRNT (hereinbelow, referred to as a PRNT signal) 
generated from the controller 202,- a primary high voltage P, 
a DC of the developing bias DB, and a high voltage for 
transfer T are output from the high-voltage unit 205 in that 
order. After a predetermined period from the rising edge. of 
AC of the developing bias DB, the toner level detection is 
started. The- detection is finished simultaneously with the 
interruption of the DBAC signal generated from, the CPU 2 01.. 
Since the toner level- detection signal TSENS fluctuates 
every revolution of the photoconductor drum 1008, the 
control program of the CPU 201 executes a detecting process 
as- explained in Fig. 3. Referring to Fig. 3, in step 300, 
whether the amount of toner remaining can be detected is 
determined. If YES, the process proceeds to step 301. In 
step 301, if an LED 200 has displayed information indicative 
of the insufficient amount of toner remaining, the amount 
thereof is not newly detected. If NO in step 301, a counter- 
1 for determination of the insufficient amount of toner 
remaining is reset in step 302. In steps 303 and 304, a 
counter 2 for the mean value of the toner level detection 
signal and a' buffer are cleared. Subsequently, if 
successive reading of N times is not completed in step 305, 
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the toner level detection signal TSENS is read in step 306. 
In step 307, an integrated value of this signal is saved 
into the buffer. In step 308, the counter 2 is incremented. 
The process is returned to step 305. In step 305, if 
reading of N times has been completed, the mean value is 
obtained in step 309. The resultant value is compared with 
a reference value of the insufficient amount of toner 
remaining. ' If it is determined in step 310 that the amount 
of toner remaining is insufficient, the counter 1 for 
determination is incremented in step 311. If the amount of 
toner remaining is not insufficient, the process is returned 
to step .302 and the- amount of toner remaining is again 
detected. If the counter 1 incremented in step 311 
•indicates M successive times, the LED 200. displays 
information indicating that the amount of toner remaining is 
insufficient in step 313. If the counter does not indicate 
M successive times, the counter is left as is. Reading the 
toner, level detection is again performed in step 303 and 
subsequent steps. • As mentioned, the mean value of the toner 
ievel detection signal TSENS is obtained and the 
insufficient amount of toner remaining is determined M ^ 
successive times. Thus, it is possible to cope with the 
fluctuation of the toner level detection signal TSENS for 
each revolution of the photoconductor drum 1008. 
Additionally, the determination result without uncertainty. 
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can be obtained. Displaying the information indicating that 
the amount of toner remaining is insufficient is maintained 
until the CPU 201 determines that the cartridge 206 is ^ 
changed. The determination whether the cartridge 20 6 is 
changed is performed as follows. Fig. 11 is a schematic 
diagram of the laser beam printer according to the present 
embodiment. Referring to Fig. 11, a microswitch SWIOO is' 
disposed in the low-voltage source 101 and is operatively 
associated with a lever .1103, which is attached to an top 
door. 1101 of a printer 401. When the top door 1101 is 
opened, the microswitch SWIOO is simultaneously turned off, 
thus interrupting 24VB and 24V, which is power for motor 
driving. The CPU 201 receives a signal DC24V (hereinbelow, 
referred to as a DC24V signal) obtained by dividing 24VB. 
Accordingly, the CPU 201 detects that the DC24V signal goes 
to a low level. Thus, the CPU 201 detects that the top door 
1101 is opened. To change the cartridge 206, the top door 
1101 must be opened. Therefore, the CPU 201 can expect the 
change of the cartridge 206 on the basis of the open state 
of the top door 1101. Except under conditions which will be 
described later, when the top door 1101 is opened, in order 
to ensure the safety of the printer 401 and the reliability 
of control, the CPU 201 jumps the processing routine to the 
head of the program to reset the process of the CPU 201, 
resulting in re-initialization. At this time, the display 
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of the insufficient amount of toner remaining on the LED 200 
is also reset. After the top door 1101 is closed, . the motor 
is again initially rotated and the amount of toner remaining 
is then detected. 

When the top door 1101 is closed, the lever 1103, 
disposed on the top door 1101, presses the microswitch SWIOO 
in the low-voltage source 101. The low-voltage source 101, 
which has already received the REMOTE signal from the CPU 
201, generates 24V. In consideration of chattering produced 
by turning on/off the microswitch SWIOO, or incomplete 
closing of the top door 1101 due to the wrong operation by 
the operator, when the DC24V signal goes to a high level, 
the CPU 201 does not intermediately start the printer 401. 
After- a predetermined lapse, the CPU 201 expects complete 
closing of the top door 1101 and then starts the printer 401. 

The control program is reset upon opening the top door 
1101. Thus, the PPRDY signal becomes false. However, since 
the low-voltage source 101 generates +5V, even when the top 
door 1101 is opened,- the PPRDY signal is reset after 
resetting- the control ' program. Therefore, so long as a 
controller-power ready signal CPRDY' (hereinbelow, referred 
to as a. CPRDY signal) generated' from- the controller 202 is 
true, communication with the controller 202 can be achieved. 
At this time, if the controller 202 issues a status request, 
the printer 401 returns a status, indicating that the top 
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door 1101 is opened, to the controller 202. 

After the completion of the initial rotation of the 
motor Ml and the . toner level detection, the printer 401 
enters a warming-up state. At this time, so long as the 
printer 401 is connected to the controller 202, the printer 
401 returns a status indicating standby mode in response to 
the status request issued from the controller 202. In the 
warming-up state, a fixing heater HI of a fixing device 413 
is adjusted with respect to temperature, thus heating fixing 
rollers 411 to a standby temperature Ti. The CPU 201 
generates a pulse signal of a f ixing-heater drive signal 
FSRD (hereinbelow, referred to as an FSRD signal) to the 
power input unit 207. The power input. unit 207 drives the 
triac Tri to heat the fixing heater HI. When the fixing 
rollers 411 are heated to the standby temperature Ti, the 
printer enters a stop state and the status, indicating the 
standby mode, to be returned to the controller 202 is 
released. After that, the CPU 201 controls the fixing 
heater HI so as to maintain the standby temperature Ti until 
the printing operation starts. The printer 401 can execute 
cassette paper feed or manual paper feed in accordance with 
a feed mode command generated from the controller 202. If 
any feed mode command is not transmitted, the printer 
determines a cassette feed mode. In the case of the 
cassette feed mode, after the following conditions are 
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satisfied, the printer enters a print ready state. If the 
PRNT signal, generated from the controller 202, becomes true, 
the printing operation is started or continued, 

(1) The EP cartridge 206 has been set. 

(2) The controller-power ready signal CPRDY is true. 

(3) There is no paper jam. 

(4) The fixing device, the polygon motor M3, and the beam 
detection signal BD do not fail. Alternatively, there is no 
misprint. 

• (5) A cassette 408 has been loaded and the cassette 408 
contains sheets of paper. 

The CPU 208 for control in the printer determines the 
presence or absence of- the. EP cartridge 206 on the basis of . 
the turn-on of microswitches SW210 and SW211 through a 
detection piece 1102 for sensing the sensitivity of the drum 
in the EP cartridge 206. If the EP cartridge 206 is not 
loaded, the CPU 208 generates a no EP-cartridge signal NOCRT 
(hereihbelow, referred to as an NOCRT • signal ) to the CPU 201. 
If the NOCRT signal is false, the EP cartridge 206 has been 
loaded. 

The controller-power ready signal "CPRDY is generated 
from the controller 202. The ready state of the controller 
202 can be detected only by this signal . 

The above-mentioned conditions (3) and (4) excluding 
the failure of the fixing device can be detected only when 



the printing operation is performed at least once after the 
printer 401 enters the ready mode. The failure of the 
polygon motor is determined in the following cases: After a 
predetermined lapse since the polygon-motor drive signal 
SCNON became true, . the polygon motor M3 is not rotated at a 
constant speed and a polygon-motor ready signal SCNRDY 
(hereinbelow, referred to as an SCNRDY signal), generated 
from the drive circuit 209, does not become true.. 
Alternatively, after the SCNRDY signal temporarily becomes 
true, the signal is false for a predetermined period. The 
misprint is determined when an error is included in the BD 
signal, obtained by the rotation. of the polygon motor M3, 
and the CPU 201 receives a signal. BDERR (hereinbelow, 
referred to as a BDERR signal") indicating that the BD signal 
has an error, the BDERR signal being true. Further, when 
the BDERR signal is continuously held for a predetermined 
period, the BD failure is determined. The failure of the 
fixing device is determined in the following case: The CPU 
201 receives a signal FSRTH (hereinbelow, referred to as an 
FSRTH signal) indicating a temperature Tx of the fixing 
rollers 411, the . temperature Tx being. detected by a 
thermistor THl . The FSRTH signal indicates a temperature 
out of a control temperature range. Alternatively, it is 
determined that the thermistor THl or the fixing heater HI 
has a break. When the fixing device fails, the CPU 201. 
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generates a signal FSERER (hereinbelow, referred to as an 
FSERER signal) indicating that the fixing device has failed, 
thus charging up a' capacitor- C211. The capacitor C211 is 
gradually discharged after the power source is turned off. 
However, when the power source is turned on before the 
discharge level reaches a predetermined level, it is again 
determined that the fixing device has failed. In response 
to the FSERER signal, the capacitor C211 is charged up. 
When a paper jam occurs, a paper jam state is determined at 
jam detection timing, which will be described hereinbelow. 

As shown in Fig. 4, when a detection piece 412,' 
attached to the end of a paper feed cassette 408, turns any 
of microswitches SW20i to SW203 on, the turn-on is supplied 
as any of signals PSIZEl to PSIZE3 to the CPU 201. Thus, 
the CPU 201 detects, the presence of the paper feed cassette. 
The position of the detection piece 412 of the paper feed 
cassette differs depending on the paper size. Accordingly, 
seven kinds of paper sizes can be detected by detecting the 
turn-on/off of the microswitches SW201 to SW203. The 
presence or absence of paper in the paper feed cassette 408 
can be detected by determining a signal PEMP generated from 
a paper sensor PS202. 

When all of the above-mentioned conditions are 
satisfied, the printer enters the print ready state. The 
printer 401 then transmits a print ready signal RDY 
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(hereintielow, referred to as . an RDY signal) to the 
controller 202. If the above-mentioned conditions are not 
satisfied, the printer 401 can return a status indicating a 
situation regarding the foregoing conditions to the 
controller 202 so long as the printer 401 receives a status 
request from the controller 202. 

When receiving a manual feed command from the 
controller 202, the printer 401 enters a manual feed mode in 
printing the next page,- When the following conditions are- 
satisfied, the printer enters the print ready state: The * 
print ready conditions (1) to (4) in the foregoing cassette 
feed mode are satisfied. Additionally, the cassette 408 has 
been loaded and a sheet of paper 4 07 has been set in a 
manual feed port. 

Referring to Fig. 4, for the manual paper feed, the 
paper 407 must be inserted up to a paper feed roller 402 
along a manual feed guide 406 arranged on the cassette 408. 
Accordingly, a sheet of paper to be manually fed cannot be 
set without the cassette 408. Therefore, on the basis of 
the paper feed cassette size detection signals PSIZEl to 
PSIZE3, the CPU 201 detects that the cassette 408 has been 
loaded, and then receives a signal MPFS (hereinbelow, 
referred to as an MPFS signal) generated from a sensor PS203 
for paper manually fed, the sensor PS203 being disposed at 
the manual feed port. Thus, the CPU 201 detects the 
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presence or absence of paper manually fed. In a manner 
similar to the cassette feed mode, in the. manual feed mode, 
the printer can transmit the print ready signal RDY to the - 
controller. ' Alternatively, if it is not in the print ready 
state, the printer can return a status indicating that 
situation to the controller. 

Fig. 14 is a flowchart of a process of detecting the - 
presence or absence of paper, the process differing 
depending on the above-mentioned paper feed. mode. In step 
1401, the presence or absence of the paper feed cassette is 
detected on the basis of the. paper feed cassette size 
signals PSIZEl to PSIZE3 irrespective of the paper . feed mode 
If the paper feed cassette has been loaded, whether the 
paper feed mode is the manual feed mode is determined in 
step S1402. If it is the manual feed mode, the presence or 
absence of paper to be manually fed is detected in step 1403 
on the basis of the MPFS signal serving as a manually-fed 
paper detection signal. If the presence of paper is 
detected, in step 1404, bits of a no-paper status to be 
transmitted to the controller 202 is reset. If there is no 
paper, , in step 1408, the.bits of the no-paper status is set. 
In step 1405, other print ready conditions are checked. If 
printing is ready, - ready indication - is turned on in step 
1406. If printing is not ready, the ready indication is 
turned off in step 1409. If the mode is the cassette feed . 
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mode, the presence or absence of paper in the cassette is 
detected on the basis of the cassette paper detection signal 
PEMP in step 1407. The subsequent processing is the same as 
that in the manual feed mode. 

However, when an analog input port RDYINH signal of the 
CPU 201 is set to the low level by means of a switch SW212, 
the print ready state can be set in spite of the presence or 
absence of the EP cartridge 206, the presence or absence of 
paper j.am, the failure of the polygon motor and the beam 
detection signal, misprint, the presence or absence of the 
paper feed cassette 408, and the presence or absence of 
paper in the paper feed cassette in the foregoing print 
ready conditions. In the manual feed mode, printing is 
ready. Even when receiving the print signal PRNT from the 
controller 202, the printer does not start the printing 
operation so long as a sheet of paper exists in the manual 
feed port and the MPFS signal is true. Further, ' even when 
the RHYINH signal serving as a print-ready-condition 
disregard signal is set to the low level to permit printing, 
the foregoing conditions are continuously detected. If the 
controller 202 issues a status request to the printer, the 
detected result is returned as a status. The same applies 
to before the printing operation, during the printing 
operation, and after the printing operation. After the 
printer 401 enters -the print ready state, the controller 202 
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generates the print signal PRNT. The CPU 201 receives the 
signal and then controls the printing operation according to . 
a sequence shown in Fig. 5. First, the motor drive signal 
DRMD is set to true, thus driving the motor Ml for paper 
transfer. Simultaneously, the polygon-motor drive signal 
SCNON and the pre-exposure-lamp drive signal PEXP are set to 
true. After that, a primary -high-voltage drive signal HVION, 
a developing-bias- DC drive signal DBDC, and the high-voltage 
transfer signal HVTON are turned on in that order. Further, 
after seconds ti from motor driving, a paper-feed drive 
signal CPUD (hereinbelow, referred to as a CPUD signal) is 
set to true in order to drive a paper feed solenoid .SL201 . 
Time tcpu .during which the CPUD signal is true is shorter 
than time tc corresponding to . a revolution of the semilunar 
paper feed roller 402. When the paper feed solenoid SL201 
is driven to engage a paper feed clutch 410, the semilunar . 
paper feed' roller 402 turns by 360 degrees, namely, the " 
roller 402 is rotated by a driving force of the paper 
transfer system until the paper feed clutch 410 is 
disengaged. After turning the CPUD signal on, the CPU 201 
recognizes the ready state* of the polygon motor: Then, the 
CPU' 201 . generates a laser-power-control start signal APCST 
(hereinbelow, referred to as an APCST signal) to the CPU 208 
in order to control laser power. In response the APCST 
signal, the CPU 208 controls the laser power using an 
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input/output to/from the laser drive circuit 210, thus 
maintaining the laser power at a predetermined level. At 
this time, the printer is ready for image formation. After 
time to (which is variable depending on the starting state 
of the polygon motor) from the rising edge of the CPUD 
signal, the CPU 201 generates a vertical sync signal request 
VSREQ (hereinbelow, referred to as a VSREQ signal) to the 
controller 202. If the controller -202 is ready for image 
output, the controller 202 returns a vertical sync signal 
VSYNC (hereinbelow, referred to as a VSYNC signal) to the 
CPU 201. Accordingly, the CPU 201 is in standby mode until 
the VSYNC signal is returned. If the print signal becomes 
false during the standby mode, the CPU 201 determines that 
printing has been cancelled and then executes post- 
processing of the printing operation in order to output a 
blank paper. When the vertical sync signal VSYNC is 
transmitted from the controller 202, the CPU 201 sets the 
drive signal, namely, the REGD signal for a resist solenoid 
SL202 to be true in order to drive the solenoid SL202 for 
driving the resist rollers after predetermined time t2 from 
the rising edge 'of the VSYNC signal. The CPU 201 alsb sets 
the DBAC signal to be true in order to realize driving by 
the developing bias AC after ta from the rising edge of the 
VSYNC signal. 

Further, an image mask signal TOPERS in the sub-scan 
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direction is turned off after seconds t4x from the rising 
edge of the VSYNC signal. After seconds t4, the image mask 
signal TOPERS is turned on in accordance with the paper size 
During the turn-on of the image mask signal TOPERS in the 
sub-scan direction, even when an image signal VDQ is 
supplied from the controller 202, ^the laser is not generated 
Therefore, any image is not formed. 

A sheet of paper, transferred by driving the resist 
rollers, reaches the paper ejection sensor PS201 disposed 
near the fixing device. Therefore, the CPU 201 detects that 
a signal PDP (hereinbelow, referred to as a PDP signal), 
generated from the paper ejection sensor PS201, is true 
after time ts from the rising edge of the VSYNC signal," thus 
confirming that the paper has been fed and transferred " 
correctly. If the PDP signal is false after time ts from 
the rising edge of the VSYNC signal, the CPU 201 determines 
that the printer has a paper delay, jam. After. the image 
signal has been transmitted from the controller and time ts 
has* elapsed from the rising edge of the VSYNC signal, if the 
printer is ready, to print, a status indicative of a print 
request is set in order ■ to . allow the printer to recognize 
that- the' next PRNT signal is acceptable. After the 
completion of the transmission of the image signal, the 
controller 202 can generate a status request to set the PRNT 
signal to be true. So long as the next PRNT signal is not 
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transmitted from the controller 202 or the printer is not 
ready to print after the rising edge of the VSYNC signal 
until time t7/ the CPU 201 executes the post-processing of 
the printing- operation. If the PRNT signal becomes true 
until time tj , the above-mentioned printing sequence after 
the rising edge of the CPUD signal is again executed. After 
time ta from the rising edge of the VSYNC signal, a paper 
subjected to image formation should pass through the paper 
ejection sensor PS201. Accordingly, after time t? from the 
rising edge of the VSYNC signal, the CPU 201 confirms that 
the paper has correctly passed through the paper . ej ection . 
sensor PS201 on the basis of the fact that the PDP signal is 
false. In this instance, if the PDP signal is true, the CPU 
201 determines that a paper stay jam. Generally, upon paper 
jamming, paper transfer driving is immediately interrupted 
and a jam status is set in order to allow the controller 202 
to recognize the occurrence of a -paper jam. In successive 
printing, however, in some cases, the occurrence of a paper, 
jam may be detected during the rotation of the paper feed 
roller 402 depending on printing intervals. At this time, 
the CPU 201 turns the paper- feed solenoid drive signal CPUD 
on and simultaneously monitors the paper feed roller 402 for 
time tc' corresponding to one revolution thereof. For a 
paper jam caused after the rising edge of the CPUD signal 
until time tc/ the paper transfer driving is interrupted 
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after time tc- A paper, jam status is similarly set'. 
Therefore, the paper feed roller 402 is always arranged in 
the normal rotating position at any time a paper jam occurs. 

Fig. 13 is a flowchart showing a process of the above^ 
mentioned paper feed control and jam control. 

In step 1201/ if a print timer is in the ON state, the 
print sequence has already been started. The process 
proceeds to step 1205. In step 1201, if the print timer is 
in the OFF state, the process' proceeds to step 1202. In 
steps 1202 and 1203, if the PRNT signal is true and the 
printer is ready to print, the. print timer is turned on in 
step 1204. If NO, the timer is reset in 12.- In step 1205, 
if it is paper feed timing, a paper feed timer is started in 
step 1206. If a jam occurs in the subsequent control, a 
process of coping with the jam is not immediately performed 
but a jam flag is merely turned on in step 1208. After 
other controls are checked, if the jam flag indicating the 
occurrence of the paper jam is in the ON state in step 1209, 
whether the paper feed timer operates is determined in step 
1210. * The paper feed timer is started upon paper feeding in 
steps 1205 and 1206. This timer counts time tc during which 
the paper feed roller 402 turns. After that, the timer is 
cleared. If the paper feed timer is in the ON state in step 
1210, this means that the paper feed roller 402 is rotating. 
The jam process in step 1211 is not performed. After time 
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tc when the paper feed roller 402 is stopped, the jam 
process is executed in step 1211. In the- jam process, that 
timer is reset, the transfer system is stopped, and the jam 
status is set. 

In the cassette feed mode, even when the paper sensor 
PS202, disposed in the. paper feed cassette 408, detects the. 
absence of paper during the image formation or the absence 
of the cassette is detected by the microswitches SW201 to 
SW203, the paper which is being subjected to image formation 
at present is being transferred. . In addition, the 
controller 202 must secure the' image which is being formed. 
Therefore, the presence or absence of the paper feed 
cassette 408 or the presence or absence of paper in the 
paper feed cassette is not sensed from the rising edge of 
the vertical sync signal VSYNC signal for the image 
formation to time tg-ty until the image is formed up to the 
trailing end of paper. From time tg-ty to time tg, even when 
the absence of paper or the absence of the cassette is 
detected, the true state of the RDY signal indicating the 
print ready state is maintained. After time tg, the RDY 
signal is set to false. Print ready indication is similarly 
performed. In the manual feed mode, similarly, even when 
the absence of the paper feed cassette or the absence of 
paper to be manually fed is detected, the true state of the 
RDY signal is held until the image formation is' completed. 
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Similarly^, when the cassette 408 is detached during the 
image formation and a paper feed cassette of another paper 
size is loaded, the paper size used before the paper size is 
changed is maintained from the rising edge of the VSYNC 
signal until time tg. A paper-size status is set to the 
controller 202 in order to maintain the preceding paper size 

For changing the paper feed mode during the image 
formation, in the same way as the process performed upon 
changing the paper feed cassette, the paper feed mode and 
the paper size before changing are maintained until the 
image formation is completed. 

When the controller 2 02 generates a manual feed command, 
the printer 401 enters the manual feed mode. In the manual 
feed mode, so long as the printer is in the above-mentioned 
print ready state, the printer starts^ the printing operation 
in response to the print signal PRNT generated from the 
controller -202. In a case where the print signal, namely, ^ 
the PRNT signal is true and the print ready conditions 
excluding the manually-fed paper detection are satisfied as' 
shown in Fig. 6, when' a. sheet of paper is inserted into the 
manual feed port, the print ready conditions are satisfied 
and the printing operation is immediately started. The 
paper feeding operation of the printer, namely, the rotation 
of the paper feed roller 402 based on the paper-feed 
solenoid drive signal CPUD is performed after time tio from 
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the completion of the detection of the paper fed manually. 
Actually, after time when high-voltage drive signals HVTON, 
DBDC, and HVION become true, the CPUD signal becomes true. 
In successive printing by manual paper feed, the paper 
feeding operation of the printer is performed after tio from 
the completion of the detection of the paper fed manually. 
When a certain elapsed time included in time tio after the 
completion of the detection of the manually fed paper 
coincides with time t? after the rising edge of the vertical 
sync signal VSYNC of the preceding page, the post-processing 
of the printing operation is not performed. After time tio/ 
the CPUD signal is turned on and the operation then shifts 
into the printing operation for the next page. 

For the cassette paper feed, a universal cassette in 
which' the size of paper to be set in the cassette 408 can be 
freely set is used. Accordingly, envelopes and other thick 
sheets of paper can be fed. In the manual paper feed as 
well, the width of paper set in the, manual feed guide 406 on 
the paper feed cassette 408 can be varied. Accordingly, 
envelopes and other thick sheets of paper can also be fed. 
For the paper feed using the universal cassette or the 
manual feed mode, in printing the next page in the following 
cases, the CPU 201 controls time, elapsed after the paper- 
feed solenoid drive signal CPUD becomes true until the 
vertical-sync-signal request signal VSREQ becomes true, to 
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be longer than time to for normal cassette paper feed by 
time tw- The first case is that the printer is ready to 
print as shown in Fig. 6, the paper feed mode indicates the 
universal cassette feed mode or the manual feed mode, and 
the printing operation of the first page is performed in 
response to the print signal PRNT. The printing operation, 
of the second and subsequent pages is similar to that in the 
normal cassette feed mode. The second case is that the 
paper feed cassette 408 is changed to the universal cassette 
during printing in the normal cassette feed mode, or the" 
controller 202 transmits a command , to change the paper feed 
mode to the manual feed mode. At this time, as shown in Fig. 
7, the CPU 201 does not permit the next print signal request 
and the paper feeding operation after the rising edge of the 
VSYNC signal of the page, which is, printed before changing, 
until time t7. After time ti when the paper feed mode is 
changed, the CPU 201 again controls the printing operation 
of the first page. : 

The third case is that, as shown in Fig. 8, the printer 
is ready to print in the universal cassette feed mode or the 
manual feed mode during the post-processing of the printing 
operation, and the printer receives the print signal PRNT 
from the controller. In the above-mentioned three cases, 
time required for one-page printing is longer than that in 
the normal cassette feed mode by time tw. This time tw is 
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required to allow the fixing device to perform extra thermal 
storage.- When the printer indicates the insufficient amount 
of toner remaining, or a paper jam occurs, the operator 
opens the top door 1101 to cope with such trouble. At this 
time, as mentioned above, when the top door 1101 is opened, 
the control program of the CPU 201 is once reset. Similarly, 
when the controller power ready signal CPRDY is false for a 
predetermined period, it is determined that the controller 
is down, so that the control program of the CPU 201 is once 
reset. However, in a case where a serious failure such as a 
failure of the fixing device, a failure of the ^polygon motor, 
or a failure. of the detection of the beam detection signal 
has already occurred in the printer before opening the top 
door 1101, the control program is not reset. That failure 
mode is maintained. In a case where the CPRDY signal is 
false for a predetermined time and the foregoing paper delay 
jam has already occurred in the printer, the paper jam mode 
is held without resetting the control program. Fig. 9 shows 
the above-mentioned control sequence. In step 901, if it is 
detected that the top door 1101 is open, whether a failure 
has occurred is determined in step 902. For the 
determination regarding failures, when a failure occurs, the 
print ready signal RDY becomes false and failur.e information 
is simultaneously set to a status in order to allow the 
controller 202 to recognize the failure. Accordingly, the 
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determination is made with reference to the status.. . If a 
failure has occurred, the control implemented upon opening 
the top door, is performed and the control then shifts to the 
next control. If there is no failure, pre-processing of 
reset is performed in step 905. If the top door is not 
opened in step 901, whether the CPRDY signal has been false 
for a predetermined time is determined in step 903. If the 
controller is not down, the process proceeds, to . the next , 
control. If the controller is down, whether a paper delay 
jam has occurred is determined in step 904., If there is no ■ 
paper delay j^m, the process proceeds to step 905. There 
are two kinds of paper janoaing, .namely, the above-mentioned 
paper delay jam and paper stay jam. When flags are set in 
accordance with the respective- detection timings, which jam 
has occurred can be determined. If it is determined in step 
904 that the paper delay jam has occurred, . the process 
proceeds to the next control. In step 907, whether a 
failure has occurred is again determined. If there is a 
failure, a failure status is again set in step 908 and other 
processes are performed. In step- 909, whether a paper jam 
has occurred is again determined. If there is a paper jam, 
a- jam status is again set and other processes are executed, 
in the pre-processing of reset in step 905, when there is 
information which is needed after reset, the information is 
■ stored in a RAM area- of the CPU 201. In step 906, . the 
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processing routine is jumped to the head of the control 
program to initialize the control program, resulting in 
setting. In a processing step of opening the top door in 
step 911, a f ixing-heater drive signal FSRD (hereinbelow, 
referred to as an FSRD signal) is turned off so that the 
fixing heater -HI is not driven. In a f ixing-heater control 
processing step in step 912, even when the FSRD signal is in 
the OFF .state, the control maximum, value Tmax of the 
temperature of the fixing rollers 411 is monitored, the 
temperature depending on an input of the thermistor THl . 
Therefore, while the top door 1101 is opened, the 
temperature of the fixing rollers 411 is conti-nuously ' 
monitored. . 

Fig. 12 is a timing chart of a determination whether 
the polygon motor M3 is started and a determination whether 
the "polygon motor M3 has failed. 

When the SCNON signal to start the polygon motor M3 
becomes true in response to the PRNT signal, the number of 
revolutions of the polygon motor M3 increases. When the 
number of revolutions thereof is close to the specified 
number of revolutions, the SCNRDY signal is generated. 

Upon locking-in of the polygon motor M3,- hunting occurs 
in the polygon motor M3, thus causing a fluctuation in the 
number pf revolutions thereof close to the specified number 
of revolutions. Consequently, the SCNRDY signal is 
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interrupted. ta denotes a period of the above hunting. The 
CPU 201 monitors the SCNRDY signal after this signal once 
becomes true to the end of time tb that is longer than ta. 

When the SCNRDY signal is completely true for time tb/ 
it is determined that the polygon motor M3 rotates at the 
specified number of revolutions. ThuS;. the VSREQ signal is 
generated.' 

If the polygon motor has hunting during time t^, it is 
determined that the number of revolutions of the polygon 
motor M3 does not reach the specified number in time tb- 
Then, monitoring is started for the next time tb. If the 
CPU 201 does not determine that the number of revolutions 
reaches the specified number for time tc after the SCNON 
signal becomes true, it is determined that the polygon motor 
M3 has failed. When it- is determined that the polygon motor 
M3 has failed/ a sheet of paper previously fed by the paper 
feed roller is ejected to the exterior of the printer. 

In the above-mentioned embodiment, with respect to the 
determination of the completion of image writing, the CPU 
201 measures time tg elapsed after the rising edge of the 
vertical sync signal Vsync. The completion can also be 
determined by detecting that . the trailing end of a sheet of 
paper on which an image has been transferred is separated 
from the photoconductor drum 1008 and then passes the sensor 
disposed at the components 411 shown in Fig. 4. 
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As mentioned above, even if a sheet of paper runs out, 
the true state of the print ready signal is maintained after 
the rising edge of the vertical sync signal Vsync to time ts, 
thus preventing such troiible that the controller 202 
accidentally interrupts the formation of an image signal in 
-writing images, and therefore, a page printed is left blank. 
[Advantages] 

As mentioned above, - according to the present invention, 
the recording operation can be stably performed. 
4. Brief Description of the Drawings 

Fig. 1 is a control circuit diagram of a laser beam 
printer according to an embodiment; 

Fig. 2 is a diagram showing the relation between a low- 
voltage source and a printer controller; 

Fig. 3 is a flowchart of a process of detecting the 
amount of toner remaining; 

Fig. 4 is a diagram showing the structure of a paper, 
feed cassette and that of a paper feed roller; 

Fig. 5 is a timing chart in normal cassette paper 
feeding; 

Figs. 6, 7, and 8 are timing charts in universal 
cassette paper feeding and manual paper feeding; 

Fig. 9 is a flowchart partially showing a control 
process when a top door is opened and the controller is 
down ; 
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Fig. 10' is a schematic diagram of a laser s^can systems- 
Fig , 11 is a diagram of the printer when the top door 
is opened; 

Fig. 12 is- a timing chart of determination whether a 
polygon motor M3 is started and determination whether the 
polygon motor M3 has failed; 

Fig. 13 is a flowchart showing paper feed control and 
jam control according to the present , embodiment ; and 

Fig. 14 is a flowchart of a cassette feed mode and a 
manual feed mode according to the present embodiment. 

202: controller or host computer, 204: pre-exposure lamp, 
205: high-voltage unit, 206: EP cartridge, 207: fixing- 
heater drive circuit, 209: polygon-motor control and drive 
circuit, 210: laser drive circuit, 211: BD circuit, 212:. 
gate array, 213: reset circuit, RlOO to R999: resistor, GlOO 
to C999: capacitor, SWIOO to SW399: switch, IClOO to IC999: 
IC, PS200 to PS299: photosensor, HI: fixing heater, THl : 
thermistor, SL201 to SL2 02 : solenoid, TP200: thermo switch, 
Trl: triac, QlOO to Q999: transistor, Ml, M3 : motor, LS201: 
semiconductor laser, 401: printer, 402: paper feed roller, 
406: manual feed guide, 404: resist roller, 405: clutch for 
resist rollers, 407: paper, 408: paper feed cassette, 409: 
paper sense, lever, 410.: clutch for paper feed roller, 411: 
fixing roller, 1001: polygon mirror, 1003: collimater lens. 
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1004: cylindrical lens, 1005: focusing lens, 10.06: beam 
detection mirror, 1007: reflection mirror, 1008: 
photoconductor drum, 1009: optical fiber, 1101: top door, 
1102: detection piece for detecting photosensitivity of 
photoconductor drum, 1103: lever for turn-on/off of SWIOO 
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[Fig. 1] . 

2 02. . . CONTROLLER 

205... HIGH-VOLTAGE UNIT 

2 07... FIXING-HEATER DRIVE CIRCUIT 
210... LASER CIRCUIT 

211... BEAM DETECTION CIRCUIT 
212a, 212B... GATE ARRAY 
213... HOST COMPUTER 

[Fig. 2] 

101... LOW-VOLTAGE SOURCE 
102... PRINTER CONTROLLER 
SWIOO... TOP-DOOR SWITCH 

[Fig. 3] 

300... CAN AMOUNT OF TONER REMAINING BE DETECTED? 
301.... IS AMOUNT OF TONER REMAINING INSUFFICIENT? 
302... RESET COUNTER 1 
303... RESET COUNTER 2 

3 04 .. . CLEAR BUFFER 
305. . . COUNTER 2 > N ? 
306. . . READ TSENS 
307... ADD TO BUFFER 

308... INCREMENT COUNTER 2 . . 

309... OBTAIN MEAN VALUE OF TSENS 
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310... IS AMOUNT OF TONER REMAINING INSUFFICIENT? 

311... INCREMENT COUNTER 1 

312. . . COUNTER 1 > M ? 

313. . . DISPLAY 

START 

END 

[Fig. 6] 

DETECTION OF PAPER MANUALLY FED 
NO PAPER 

[Fig. 7] ■ ■ 
CASSETTE CHANGE 

[Fig. 9] 

901... IS TOP DOOR OPEN? 

902... IS THERE FAILURE? 

903... IS CONTROLLER DOWN? 

904... IS THERE PAPER DELAY JAM? 

905. ... PRE-PROCESSING OF RESET 

906. . . RESET 

907... IS THERE FAILURE? 

908. . . FAILURE MODE 

909... IS THERE PAPER JAM? 

• 910 .. . JAM MODE 



- 36 - 



911,.. OPEN TOP DOOR 

912. . . CONTROL FIXING HEATER ' 

[Fig. 12] 

NUMBER OF REVOLUTIONS OF M3 
[Fig. 13] 

1201... IS PRINT TIMER ON? 

1202... IS PRNT TRUE? 

1203... IS RDY TRUE? 

1204... START PRINT TIMER 

1205... IS IT PAPER FEED TIME?. 

1206... START PAPER FEED TIMER 

1207... IS THERE JAM? 

1208... SET JAM FLAG 

1209... IS THERE JAM FLAG? 

1210 .. . IS PAPER FEED TIMER ON? • 

1211 . . . JAM PROCESS 

1212... RESET PtllNT TIMER 

a) ... ON 

b) . . . OFF 

AT MAXIMUM TORQUE 

[Fig. 14], 

1401... IS THERE PAPER FEED CASSETTE? 
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1402... IS MANUAL PAPER FEED MODE? 

1403... IS THERE SHEET OF PAPER MANUALLY FED? 

1404... RESET NO-PAPER STATUS 

1405... IS PRINTER READY? 

1406... TURN READY - I ND I CAT I ON ON 

1407... IS THERE SHEET OF PAPER IN CASSETTE? 

1408... SET NO-PAPER STATUS 

1409... TURN READY-INDICATION OFF 

a) . . . YES 

b) ... NO 
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